Approximately 20% of mechanically ventilated patients experience post-extubation stridor (PES) and reintubation, which subsequently may lead to an increased risk of morbidity and mortality. The risk of PES development is significantly higher in obese patients. Low air leakage between the endotracheal tube and the trachea, following cuff deflation, may indicate a higher risk for the development of PES. The aim of this study is to identify the relationship between body mass index (BMI) and PES using the cuff-leak test in patients intubated in the respiratory intensive care unit. A total of 67 consecutive intubations on 56 different ventilated patients were included in this study. The mean age was 63.6 ± 12.1 years and 84% of the patients were male. PES developed in seven patients (10.4%). The mean cuffleak volume was 395 ± 187 ml in non-PES patients and 240 ± 93 ml in PES patients (p = 0.023). The mean BMI was 36 ± 13 kg/m 2 in PES patients and 24 ± 7 kg/m 2 in non-PES patients (p = 0.046). BMI > 26.5 kg/m 2 (OR: 1.2), low cuff-leak volume (< 283 ml) and mechanical ventilation required for more than 5 days (OR: 0.9) were independent variables for PES occurrence. We therefore suggest that non-obese patients, short-term intubated patients and those having a high air leakage around the endotracheal tube could be extubated without much difficulty.
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Intubation can lead to laryngotracheal trauma and, therefore, may necessitate reintubation in 20% of mechanically ventilated patients. Postextubation problems, including stridor, cause a significant mortality and morbidity risk in patients, especially when reintubation is required (Miller and Cole 1996; Sandhu et al. 2000; MacIntyre et al. 2001) . In patients with obesity, the risk of post-extubation stridor (PES) is common due to swelling of the upper airways, which predisposes to a lower functional residual capacity which can contribute to atelectasis and subsequent hypoxemia during the transition to unassisted breathing (Manthous et al. 1998; El-Solh et al. 2001) . In addition to obesity, elongated intubation may also increase the frequency of PES and reintubation.
After an unsuccessful extubation, the need for reintubation leads to a significant increase in mortality and morbidity (Miller and Cole 1996; Epstein and Ciubotaru 1998; Sandhu et al. 2000) . The main reason for reintubation is due to the rise in the extent of tracheal edema, which leads to an increase in breathing. However, the predictors of successful extubation remain empirical in the majority of patients. It has previously been shown that air leakage from the endotracheal tube can be a useful marker to indicate the absence of laryngotracheal swelling and successful extubation (Miller and Cole 1996) . The expiratory tidal volume passing through the mechanical ventilator can be measured when the cuff of the endotracheal tube is inflated. However, once the cuff has been deflated, a considerable amount of the expiratory tidal volume leaks between the endotracheal tube and the trachea. Therefore, the volume measured is remarkably low. The difference measured between the tidal volumes pre-and post-deflation of the cuff is referred to as "cuff leakage." It is believed that the lower the leakage around the tube, the larger the extent of laryngotracheal edema.
In theory, no objective criteria in determining successful extubation are available and no other test is available, except the cuff-leak test (CLT), to identify PES and the risk of reintubation (Raskin and Davis 1986; Demling et al. 1988; Krieger et al. 1989; Brochard et al. 1994; Torres et al. 1995) . PES and post-intubation problems are observed more often in patients with obesity. Therefore, the aim of this study was to demonstrate the efficacy of the cuff-leak test in predicting PES in patients with a high body mass index (BMI) and patients undergoing a longer duration of mechanical ventilation.
MATERIALS AND METHODS
This study was carried out with 67 consecutive intubations on 56 different mechanically ventilated adult patients, suffering from a variety of respiratory diseases, in the respiratory intensive care unit (RICU), between November 2003 and 2004. Eleven of the patients required intubation twice in one year. Patients intubated for less than 24 hours, patients deemed unsuitable for extubation due to chronic irreversible respiratory failure (RF), as neuromuscular diseases, and patients who extubated themselves before they could undergo the cuff-leak test were excluded from this study. The patients in this study had acute exacerbation of chronic obstructive pulmonary disease (COPD), restrictive lung diseases and/or hypoxemic respiratory failures, such as pulmonary edema, severe pneumonia and acute respiratory distress syndrome (ARDS). This prospective study was conducted in the University Hospital and the Ethical Practices Committee of Osmangazi University approved the study.
Decisions for intubation, extubation, weaning and reintubation were made, based on standard criteria. Criteria for intubation (Pierson 2004 ): 1) apnea or respiratory pauses with loss of consciousness, gasping for air or imminent respiratory arrest; 2) severe tachypnea or severe dyspnea, and at least one of the following; (a) persistent uncooperativeness; (b) acute cardiovascular instability; (c) inability to protect the lower airway; (d) intolerance to non-invasive mechanical ventilation (NIV). Criteria for weaning (MacIntyre et al. 2001 ): 1) a favorable clinical response or improvement of the underlying cause of acute RF; 2) an ability to communicate, with a Glasgow Coma Score (GCS) above 10 (following discontinuation of sedation); 3) a core temperature < 38°C; 4) hemodynamic stability and non usage of vasoactive agents, except for low doses of renal dopamine (< 5 μ g/kg/min); and 5) adequate gas exchange indicated by a PaO 2 > 60 mmHg while breathing with an FiO 2 of 40% or less with a positive end-expiratory pressure (PEEP) of 5 cmH 2 O or less. Criteria for extubation: 1) the success of spontaneous ventilation up to 120 min using a T-tube; and 2) the ability to cough and expectorate.
CLT: The expiratory tidal volume passing through the mechanical ventilator was measured following cuff inflation of the endotracheal tube. Following cuff deflation, a considerable amount of the expiratory tidal volume was found to have leaked between the endotracheal tube and the trachea, the volume measured being notably low. The difference between the tidal volumes measured both pre-and post-cuff deflation was referred to as "cuff leakage." The CLT was performed, during the 2 hour period prior to extubation, according to the original report by Fisher and Raper (1992) and the method described by Miller and Cole (1996) , in order to assess any air leakage between the endotracheal tube and the trachea. Prior to the test, the patient was placed on the assist control mode with a tidal volume (V T ) of 7 ml/kg. The endotracheal, oral and supraglottic secretions were then suctioned. The operator-selected inspiratory V T and the first six expiratory V T values displayed were recorded. Subsequently, the balloon cuff was deflated and balloon volume measured, with the expiratory tidal volume recorded over six subsequent respiratory cycles. The difference between the averages for the six expiratory V T values and the minimum three expiratory tidal volumes of the first six V T values following deflation of the cuff was defined as the "cuff-leak volume." The "percentage of the cuff-leak volume" was calculated by dividing the mean cuff-leak volume by the mean expiratory tidal volume (the average of the lowest three expiratory tidal volumes of the first 6 V T ). Once the CLT was completed, sedation was discontinued and the patients were placed on T-tube ventilation for 2 hours. Weaning from mechanical ventilation began once the patients achieved the capability of initiating a spontaneous breath. Providing the extubation criteria were met, the endotracheal tube was then removed. The data obtained from the CLT were not used as criteria for extubation. Post-extubation stridor was defined as the presence of a high-pitched inspiratory wheeze localized to the trachea or larynx.
Number 7.0-8.5 endotracheal tubes (Portex tracheal tube, soft seal cuff, Hythe, UK) were used for intubation of patients. Age, gender, BMI, cause of RF, duration of mechanical ventilation (MV), medications, endotracheal tube size, tube cuff volume, CLT, PES and reintubation parameters were recorded for all patients included in this study. Steroids were not routinely used prior to extubation, however, parameters were recorded for patients using steroids for other reasons such as anti-edema, bronchodilation and stress dose in sepsis.
The APACHE II score was determined using the most unfavorable values available during the first 24 hours in ICU, as previously described in the literature (Knaus et al. 1985) . The Glasgow Coma Score (GCS) was used to estimate the level of consciousness in all patients (Teasdale and Jennett 1974) .
Statistical analysis
Variables were assessed for each patient using the chi-squared test for categorical variables and an unpaired Student's t-test or a Mann-Whitney's U-test for continuous variables. A multiple logistic regression analysis model, with backward stepwise analysis was used in order to determine PES-related factors in intubated patients. Comparisons of clinical and laboratory variables with a p value lower than 0.05, determined using univariate analysis, were assessed in the model. A receiver operating characteristic (ROC) curve for assessment of the predictive value of PES, using the CLT, was constructed by plotting the sensitivities for all individual CLT cut-off values against the corresponding 1-specificity value (Zweig and Campbell 1993) . The cuff-leak threshold volume was calculated following an analysis of the ROC. In order to determine a global measurement of the parameter's discrimination, the area under the ROC curve was calculated. The data was processed using SPSS for Windows 12 (SPSS, Chicago, IL, USA). A p value < 0.05 was considered to be of statistical significance.
RESULTS
A total of 67 consecutive intubations on 56 different mechanically ventilated adult patients, were studied. The mean age was 63.6 years and 56 of the patients (83.6%) were male. The general features of all patients have been summarized in Table 1 .
Post-extubation stridor developed in seven patients (10.4%), who subsequently required reintubation, four of whom were females (57%). The frequency of PES was 36.4% in women and 5.4% in men (p = 0.011). Sex, cuff-leak volume, percentage of the cuff-leak volume, need for MV for more than 5 days, APACHE II score and BMI were significantly different between the two groups.
The mean cuff-leak volume was 395 ml in non-PES patients and 240 ml in PES patients (p = 0.023). The cuff-leak threshold volume was 283 ml. We calculated the percentage of the cuff-leak volume (the average of the lowest three expiratory tidal volumes of the first 6 V T ) by dividing the mean cuff-leak volume by the mean expiratory tidal volume. This ratio was 50.9% in the PES patients, while it was 72.6% in those who did not develop PES (p = 0.00057).
The mean BMI was 36.1 kg/m 2 in patients who developed PES, but 24.1 kg/m 2 in non-PES patients (p = 0.046). The need for MV, for more than 5 days, in the reintubated group was higher than that of the non-PES group (71.4% vs 26.7%, respectively; p = 0.027).
The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and the area under the ROC curve of cuff-leak volume, cuff-leak percent, BMI and MV days are presented in Table 2 .
Multiple logistic regression analysis was used to identify the independent risk factors for PES. Six variables with values of p < 0.05 on univariate analysis were included in the regression analysis (sex, BMI, cuff-leak volume, percentage of cuff-leak volume, APACHE II score and MV for more than 5 days). As a result, BMI, percentage of cuff-leak volume, and the need for MV for more than 5 days were found to be independent parameters for PES development (Table  3) .
PES occurred in four patients who had three risk factors (BMI, percentage of cuff-leak volume, and need for MV for more than 5 days). However, in 30 patients without any risk factors present, PES did not occur (Fig. 1) .
DISCUSSION
In the present study, the frequency of PES and reintubation in patients requiring mechanical ventilation (MV) for more than 24 hours was 10.4%. In other studies, the frequency of PES was reported to vary between 0.57% and 17.8% (Tobin and Alex 1994; Ho et al. 1996; Marik 1996; Miller and Cole 1996; Efferen and Elsakr 1998; Engoren 1999; Sandhu et al. 2000; De Bast et al. 2002; Jaber et al. 2003; Maury et al. 2004) . In relation to the present study, less experienced residents and less ideal conditions for intubation in our ICU may have led to greater airway trauma, and thus, to a higher incidence of PES. It is known that a long intubation time (Sandhu et al. 2000) , female sex (Ho et al. 1996; Epstein and Ciubotaru 1998) and obesity (MacIntyre et al. 2001 ) increase the frequency of PES. Esteban et al. (1999) , found that the mortality rate for reintubated patients was 32.8% and that this result was markedly higher then in patients who tolerated extubation (4.6%).
The CLT is the only test available that can be used to determine the need for reintubation. Fisher and Raper (1992) initially used the CLT in 1992 and reported that it was useful in determining complications such as PES. The application method and the threshold value were determined by Miller and Cole (1996) . However, although The percentage of the cuff-leak volume was obtained by dividing the mean cuff-leak volume by the mean expiratory tidal volume. this method has been used and its effectiveness has been tested in many studies, the low predictive value and some contradictory results between studies have restricted its widespread use. In previous studies, PES development was determined and results including sensitivity of 0-80%, specificity of 72-99%, PPV of 0-95% and NPV of 96-99% have been reported (Miller and Cole 1996; Engoren 1999; Sandhu et al. 2000; De Bast et al. 2002; Jaber et al. 2003) . These studies have shown that CLT is not an effective indicator of PES development but can be used for prediction of patients who are not at risk of developing PES (Manthous et al. 1998; Engoren 1999; De Bast et al. 2002) . Several studies have shown that this method was effective in the determination of PES (Miller and Cole 1996; De Bast et al. 2002; Maury et al. 2004) , whereas, other studies have demonstrated its ineffectiveness (Engoren 1999) . In fact, Engoren (1999) reported that widespread use of this method was not recommended. In his study, the results were not expressive, and sensitivity and PPV were found to be 0%. We believe the reason for such results, was due to the fact, that this method was used after a mean of 12.9 hours intubation during the perioperative period.
In the present study, we determined the CLT efficacy in patients who had MV for a mean duration of 5.6 days. Although the CLT threshold value was determined to be 110 ml by Miller and Cole (1996) in their original study, we determined a value of 283 ml in the present study. We calculated a cuff-leak volume of 395 ml in non-PES patients and 240 ml in those who developed PES (p = 0.035). In a previous study by Jaber et al. (2003) , the threshold value determined was 130 ml for the same test in 2003. In the present study, if we had accepted the threshold value as 110 ml, as in the study by Miller and Cole (1996) , the sensitivity would have been 0% and the specificity 91.7%.
Some studies have reported that it would be more appropriate to use the leakage as a percentage (the ratio of leak volume to mean expiratory V T ) rather than the volume in ml (Sandhu et al. 2000; De Bast et al. 2002; Jaber et al. 2003) . For example, De Bast et al. (2002) reported that the threshold value for the leak around an endotracheal tube was 15.5%, whereas, it was reported as 12% by Jaber et al. (2003) . We reported a value of 57%. We attributed such a high value to the use of the lowest three of six V T values, following deflation of the endotracheal tube cuff, in the cuffleak test.
It was observed, that requirement for MV for more than 5 days, cuff-leak volume, the percentage cuff-leak volume, female gender, APACHE II score, and BMI had a significant effect on PES development. Using multiple logistic regression analysis, the effect of three of these parameters was found to be independent of the others (BMI, percentage cuff-leak volume, and MV for more than 5 days). It has been reported in previous studies, that long-term MV (especially for more than 3 days) increases the frequency of PES development (Sandhu et al. 2000) . In the present study, the requirement for MV, for a period longer than 5 days, was higher in patients who developed PES (71.4% vs 26.7%). Ho et al. (1996) reported that there was a higher incidence of PES development in women (39% vs 17%). We observed a similar finding (36.4% vs 5.4%). Our results suggest that a high BMI (23 vs 37 kg/m 2 ), long-term MV (5.3 vs 6.8 days), and less leakage in the CLT (413 vs 203 ml) may account for the higher frequency of PES development in female patients.
In the present study, a higher BMI significantly increased the frequency of PES development. Although it has been reported that intubation presents a greater difficulty in patients with a high BMI (Voyagis et al. 1998; Mansharamani et al. 2000; MacIntyre et al. 2001; Wong et al. 2004) , respiratory complications (Asai et al. 1998) and obstructive sleep apnea (Tun et al. 2003) are observed more frequently, and the mortality rate is higher (Tremblay and Bandi 2003) . To the best of our knowledge, the relationship between BMI and the CLT has not been pointed out in previous studies. In other studies, it has been reported that a higher BMI (27-30 kg/m 2 ) could lead to difficult intubation and PES development (Voyagis et al. 1998; Mansharamani et al. 2000; MacIntyre et al. 2001; Wong et al. 2004 ).
The limitations of the present study were a relatively low number of patients, a low number of female patients and the failure to measure the pressure of the endotracheal tube cuff.
It has been previously reported that a low cuff-leak volume does not necessarily result in PES, but what is certain, is that a high cuff-leak volume rarely results in PES. MV patients with a CLT result of lower than 283 ml (or < 57% leak), who require MV for more than 5 days and have a BMI > 26.5 kg/m 2 , have a higher risk of developing PES.
The frequency of PES observed in patients who had all three risk factors was 100%. For this reason, we suggest that physicians be vigilant to reintubation in patients with obesity, who are intubated for more than 5 days, and who have a low cuff-leak volume. Our study suggests that the CLT could be useful in determining the likelihood of PES before extubation in obese and long-term ventilated patients. We would also suggest that non-obese patients, short-term intubated patients and those having a high air leakage around the endotracheal tube could be extubated without much difficulty.
